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The present invention relates to electrical insulating oil based compounds comprising mineral ons and oil soluble synthetic block- 
copolymers of polystyrene and synthetic rubber having molecular weights from 50.000- 1 .000.000. The oil component has preferably a 
content of aromates of 5-30 weight %. The compounds have high viscosity at low temperatures and are thin liquids at 40-80 °C. The gas 
absorption capacity of the compounds is high and they are especially useful as insulating compounds in paper wrapped cables, like high 
voltage DC (HVDC) power cables. 
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PCT/N 096/00 172 



"ELECTRICAL INSULATING OIL BASED COMPOUND AND ITS USE" 

The present invention relates to electrical insulating oil based compounds compnsing 
mineral oils and oil soluble polymers. The compounds are especially useful as electrical 
insulator in paper wrapped cables, like high voltage DC (HVDC) power cables. 

In transformers, starter motors, and other electrical equipment that generate 
considerable amount of heat, liquids are employed both as insulators and coolants. In 
cables, capacitors, and connections, insulation liquids are used as a functional 
component of the dielectric. Organic fluids with low viscosities, in particular mineral oils, 
are suited for insulating media or dielectrics, for instance, as filling for high-tension 
transformers, circuit breakers, cables or capacitors. Most liquid insulators consist of 
mineral oils or synthetic fluids. 

Mineral oils, as defined in this application, are complex hydrocarbon mixtures obtained 
from petroleum oil by fractional distillation and refining. They combine important 
properties including high breakdown strength, good impregnation characteristics, and the 
ability to conduct large amounts of heat via convection. Mineral oils can also bind any 
gas produced during electrical discharge resulting in pronounced evaporation and 
decomposition. Depending on the predominant hydrocarbon, the oils can be classified as 
naohtenic or paraffinic based oils, however there is no sharp transition between these 
groups. 

With respect to quantity, the transformer oils represent the major part of the insulating 
otis The essential functions of the oil are. beside insulation of the power conductors, to 
r emove the heat generated in tne transformer by forced circulation with pumps or by 
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thermosiphon cooling. In order to achieve a satisfactory heat removal, low-viscosity 
mineral oils are used world-wide with excellent low-temperature properties. 

-Switch gear oils are used to protect the contacts of high-voltage circuit breakers agr ; -":t 
Durning due to formation of arcs when the breaker is operated and also to achieve a 
faster power cut-off. Such oils must possess excellent insulating properties as well as a 
low viscosity even at low temperatures, in order to allow quick movement of the contact 
breaker and to fill the gap between the separating contacts. 

Underground cables for the transport of medium and high-voltages power contain oil as 
the insulating medium. Insulation and heating problems can anse, depending on the 
voltage and power, such that oils with different viscosity grades are needed in cable 
technology: the higher transmitted voltage, the lower is the required viscosity of the cable 
oils in order to control heating of the cables, which is the result of ohmic losses in the 
conductor and of dielectric losses in the insulating material. The oil for the insulation of 
the voltage-carrying conductor is used to impregnate the multi-layer paper roll which 
surrounds the conductor. In the cases of high-voltage cables the conductor can be 
hollow and filled with oil. The oil in the paper roll is in contact with the oil in the hollow 
conductor via passages, so that the oil can expand into expansion chambers, placed at 
certain intervals, when the cable becomes hot. If the cable is cooled down, formations of 
cavities can occur. The formation of cavities in the paper insulation reduces the. 
insulating effect, this in turn leads to gas evolution from the oil due to corona discharge. 
Beth phenomena can create an electrical breakdown hazard. 

S^ch cables, used for the transmission of AC voltages of up to 24 kV, are lapped with 
paDer tapes which are impregnated with a more viscous insulating compound. There is 
nc additional oii feeding system, thus ail reauirements with respect to insulation stability, 
particularly the prevention of cavitation, must be satisfied by the impregnating 
ccmpound. Highly viscous impregnating suostances are required in oraer to prevent 
migration of the compound from the wrapping resulting in local weakening of the 
ir s-:ancn. The compound comonses a ^:gh!y viscous mineral c;l wnich is further 
tr.CKened by the addition of natural resins or oii-soluDle polymers. 
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Insulating compounds used in high voltage cables today, contain blends of mineral oils 
and synthetic homopolymers or refined rosin. The viscosity is high at low temperatures 
and low at high temperatures, however, the compound becomes a thin liquid first at 
1O0-120°C . When the paper wrapped cables are impregnated, the insulating compound 
must be a thin liquid. 

Accordingly the insulating compound used today must therefore be heated to above 
100°C before impregnation, and then cooled down. This cooling step will prolong the 
production time. 

The viscosity profile of the compounds used today does not properly secure that the 
insulating compound does not leak out of the cable at sub-sea temperatures (below 
10°C). 

Sparks caused by electncal discharges in gas or vacuum bubbles (cavities) in the 
insulating material in high voltage cables is a serious problem. The compounds used as 
insulating material in power cables today does not absorb hydrogen gas to a sufficient 
degree. 

The main object of the present invention was to provide an electrical insulating 
compound having improved properties and not having the limitations and shortcomings 
of known electrical insulating compounds. 

Another object was to provide a HVDC power cable electrical insulating compound with 
high viscosity at operating temperatures and a viscosity being suitable for impregnation 
at temperatures below 100°C. A compound having such a viscosity profile should secure 
that the impregnation of the paper wrapped cable can be performed at lower 
temperatures and at a higher rate than presently possible. 

A further object of the invention was to provide a compound, which could reduce the risk 
of the formation of hydrogen gas buoDles or vacuum bubbles, and thereby lower the risk 
of electrical discharges in the cables 
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The inventors carried out a comprehensive study of requirements to be met by the new 
compound. These studies concluded with tne following characteristic properties wh,ch 
the new compound should possess : 

a) | t should have the ability to absorb hydrogen gas under electrical stress and 

ionization. 



b) 



c) 



d) 



It should fulfil the ageing requirements. The dielectric dissipation factor (tg5 
at 

100 Q C) should not exceed 0.005 for oil having been e^osed to air for 7 
days at 125°C. 

It should have high viscosity at operating temperatures, but should have a 
steep decrease in viscosity with increasing temperature in order to enable 
impregnation at temperatures below 100°C. Thus it should be a thin liquid 
when the paper wrapped cables are impregnated The insulating compound 
must penetrate the paper and fill the whole cable, accordingly the viscosity 
should be low at impregnating temperatures. It is also important that the 
insulating compound does not leak out during physical damage of the 
cable. Therefore the viscosity should be high at low temperatures. 

There should be substantially no asphaltenes in the compound. 

The total content of sulphur should be below 700 ppm. 



0 



The compound should not contain 
corrosion. 



sulphur in amounts resulting in 
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Some important properties of the new compound are listed tn more detail in table 1 . 

Table 1 



iVrscosity j < 300 mPas at t > 80°C 

! |>3.000 mPas at t< 20°C 



J 

(Dissipation factor (tgS) at 100°C 


Newiy made compound: 




< 0.002 




After ageing. 




< 0.005 

^_ . 


Dielectric strength (kV/2.5mm) 


minimum 30 : 

i 


Gas absorption (mm 3 /min) 


> -2 


Coefficient of expansion/°C 


< 9 x 10" 



When the inventors were looking for a compound which would fulfil all the above 
mentioned requirements, they found that by blending together mineral oils and synthetic 
biock-copoiymers, particularly polystyrene rubber, they would end up with useful 
compounds These results lead to a comprehensive study of such mixtures. The 
conclusion drawn from these studies was that the following components would be 
applicable within the following definition : 

Oil Mineral oils. The oil should be predominantly naphtenic with relatively 

high content of aromates. 

Polymer Oil soluble, synthetic hydrocarbonic block-copolymer of polystyrene and 

synthetic rubber, having molecular weight from 50.000- 1 .000.000. The 
rubber part should be ethylene-/buthylene-, isoprene- or butadiene 
rubber. 

Sometimes it can be useful to add a compound which increase the gas absorption, i.e. 
alkylbenzene, like dodecylbenzene, dialkylbenzenes or diarylalkanes. to the mixture of 
oils and block-copolymers Further, polyisobutyiene can be added to increase the 
viscosity of the compound 
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The ratio between the oils and the polymer was found to be of importance. Further it was 
found that tt would be advantageous to appiy different types of oils, for instance : 

Oil 1 Mineral oil with 10-30 weight% aromatic hydrocarbons. " 

Viscosity : 5 - 10 mPas/°C at 25 C C 
Boiling point : > 300°C 

Oil 2 Hydrogenated, naphtenic mineral oil. 

Viscosity: 5 - 10 mPas/°C at 25 : C 
Boiling point : > 250°C 

Oil 3 Hydrogenated, naphtenic mineral oil. 

Viscosity : 90 - 100 mPas/°C at 25°C. 
Boiling point : > 300°C 

The content of aromates in the oil component of the compound should preferably be 
5-30 weight%. 

The performed study revealed that the composition of the electrical insulating comoound 
according to the invention should be within the following ranges : 



Polymer 3 - 10 % (weight/total weight) 

Oil 1 10-90 % (weight/total weight) 

Oil 2 0-15 % (weight/total weignt) 

Oil 3 0 - 35 % (weight/total weight) 



i he most suitaDie compositions for HVDC cower caoies were found to have the following 
compositions 
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3 - 10 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tn-b!ock and the oil component comprises: 

60 - 80 % (weight/total weight) of an mineral oil with 10-30 % aromatic 
*■ - hydrocarbons, 7 - 15 % (weight/total weight) of a hydrogenated, naphtenic 

mineral oil having boiling point >250°C and 7 - 15 % (weight/total weight) of 
a hydrogenated, naphtenic mineral oil having boiling point >300°C. 

or 

3-10 % (weight/total weight) of a styrene-isoprene-styrene tri-block 
60-70 % (weight/total weight) of an mineral oil with 10-30 % aromatic 
hydrocarbons and 20-30% (weight/total weight) of dodecylbenzene. 

or 

5.0-6.0 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tn-bfock 

45-75 % (weight/total weight) of an mineral oil with 10-30 % aromatic 
hydrocarbons and 20-50 % (weight/total weight) of a hydrogenated, 
naphtenic mineral oil. 

or 

3.0-10 % (weight/totaal weight) synthetic hydrocarbon block-copolymer, 
10-15 % (weight/total weight) of an mineral oil with 10-30% aromatic 
hydrocarbons and 75-85 % (weight/total weight) of a hydrogenated, 
naphtenic mineral oil having boiling point >300°C. 

Further it is preferred that the block-copolymer is a styrene-ethylene/buthyiene-styrene 
tn-bfock or styrene-isoprene-styrene tri-block. 

When tne properties of the insulating oils were measured, the following methods were 
used 
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Viscosity 



Instrument 



Bohlin VOR Rheometer 



Conditions 



Measuring system, C 25 
80 - 4°C, 0 2-0.5°C/min 



Temperature 



Shear Rate 



0.581 s : 



Gas absorption: Gassing of insulating liquids under electric stress and lonisation (IEC 
Standard Publication 628) 

Dielectric dissipation factor (tg 5) or dielectric loss : Method : IEC 247. 
Expansion coefficient (a) Thermal volumetric expansion coefficient pro degree Kelvin 



V = V 0 (1+at). 

The scope and special features of the invention are as defined in the attached claims. 

The invention will now be further explained in connection with the description of the 
figures and the examples. 

Figs. 1 - 5 shows the viscosity profiles, viscosity as function of temperature, of the 



This example shows preparation of an electrical insulating oil based compound 
according to the invention In figure 1. curve II is the viscosity profile of the compound 
shown The known compound (Curve I) which the new compounds are compared with, is 
a commercially available insulating compound based on viscous mineral oil thickened by 
addition of oii-soluole poiymers. 



(K ) 



insulating compounds prepared in examples 1 - 4 compared with a known 
insulating compound. Curve I on the figures refers to the known compound 
and curve I! to the exemplified compounds according tc the invention 



Example 1 
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Recipe: 6.00 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tri-block 

70.50 % (weight/total weight) of oil 1 
11.75 % (weight/total weight) of oil 2 
1 1 .75 % (weight/total weight) of oil 3 



The oil components and the block copolymer are mixed in a reactor until the particles are 
evenly distributed. Then the reactor is heated to 80-120°C and when all the copolymer 
are dissolved the mixture is evacuated and the temperature is reduced to about 70 Q C. 
The mixture is subsequently filtered, preferably with diatomaceous earth. 



The filtered compound had the following p 
Dissipating factor (tg5) at 100°C 

Dielectric strength (kV/2.5 mm) 
Gas absorption (mm 3 /min) 
Specific gravity at 20°C (g/ml) 
Coefficient of expansion K" 1 



perties: 

New compound : 0.0020 

After ageing 0.0027 

>60 

-10.8 

0.85 

0.000676 



Example 2 

This example shows preparation of an 

con r aining an alkyl benzene, which secure 
snows the viscosity profile of the compound. 



electrical insulating oil based compound 
high gas absorption. In figure 2, curve II. 



F ecioe 10 % (weight/total weight) of a styrene-isoprene-styrene tri-block 

65 % (weight/total weight) of oil 1 
25 % (weight/total weight) of dodecylbenzene 

The electrical insulating compound was prepared in the same way as the compound 

example 1 
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The compound has the following properties 
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Dissipating factor (tg5) at 100°C 



Dielectric strength (kV/2.5 mm) 
Gas absorption (mm 3 /min) 
Coefficient of expansion K 1 
Specific gravity at 20°C (g/ml) 



New compound 
After ageing 
36-46 
-15 

0.00068 
0.85 



0.041 

0.0^ 



Example 3 

This example shows the composition of some further electrical insulating compounds 
according to the invention. Their gas absorption properties are stated and their viscosity 
profile are shown in figure 3, curve II for recipe A and figure 4, curve li for recipe B 

Recipes : 

A) 5.0% (weight/total weight) of a styrene-ethylene/buthylene-styrene tri-block 
47.5% (weight/total weight) of oil 1 

47.5% (weight/total weight) of oil 2 

B) 6.0% (weight/total weight) of a styrene-ethylene/buthylene-styrene tri-block 
70.5% (weight/total weight) of oil 1 
23.5% (weight/total weight) of oil 2 

T he compounds had the following properties ■ 

Dissioatmg factor (tgo) at 100°C: New compound 

After ageing 

Dielectric strength (kV/2.5 mm) : 
Gas aosorption (mrrr/min) 
Coefficient of exoansion K ' 
Specific gravity at 20°C (c< ; mh 



0.0020 0.0020 

0 C030 0.0030 

>4Q >4C 

-2.0 -3.0 

0.0007 0.007 

q o z 0 35 
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Example 4 

This example shows preparation of an insulating oil based compound having a high 
content of hydrogenated naphtenic mineral oil and a viscosity < 3.0 Pas at 60°C. The 
vtscosity profile for the compound is shown in figure 5, curve II 

Recipe: 9.00 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 

th-block 

1 1.00 % (weight/total/weight) of oil 1 
83.00 % (weight/total weight) of oil 3 

The insulating compound was prepared as the compound of example 1. 
The compound had the following properties : 



Dissipating factor (tg5) at 100°C: New compound 0.0020 

After ageing 0.0030 

Dielectric strength (kV/2.5 mm) : >40 

Gas absorption (mm 3 /min) -7,5 

Coefficient of expansion K" 1 0.00069 

Specific gravity at 20°C (g/ml) : n 35 



The results of the above examples show that the inventors have succeeded in arriving at 
an electrical insulating compound with good gas absorption capacities and viscosity 
profiles which will fulfil ait the requirements mentioned above. The electrical insulating 
compound will absorb gas in such a way that the formation of gas bubbles (cavities) is 
prevented. Since the formation of cavities are prevented, there will be no sparks caused 
by electrical discharges, accordingly creation of electrical breakdown hazard or alteration 
of the dielectric will be prevented The new msuiating compound is more resistant to 
ageing. 

The figures 1-4 shows that the viscosity is below 200 mPas at the 80°C. These insulating 
compounds have low viscosity at 40-80 C. This secure good impregnation of the paper 
^rapped cables. Since the insulating compounds can be thin liquids alreaay at 40°C, the 
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production can be performed at a much higher rate than what was possible previously. 
The figures also shows that the viscosity to the new electncal insulating compounds are 
much higher below 20 Z C than the viscosity for the old electrical insulating compound. 
-This give an even higher security against leakage out of the cable of the electrical 
insulating compound if the cable is physically damaged. In some cases a steep viscosity 
profile is required. This is achieved by adjusting the composition of the compound and 
still fulfil the other requirements Example 4 and figure 5 show such a compound and its 
viscosity profile. 

The new electncal insulating compounds are especially suitab.j for application in high 
voltage DC power cables as shown by the above examples. However, the compounds 
can also be used for other insulating purposes being obvious in view of the properties of 
the compounds. 
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Claims 

1 Oii based electrical insulating compound comprising mineral oils and an oil 
soluble polymer being a synthetic hydrocarbonic block-copolymer of 
polystyrene and synthetic rubber having molecular weights from 
50.000-1.000.000. 

2 Oil based compound according to claim 1, 
caracterized in that 

the mineral oils have a content of aromates of 5-30 weight%. 

3 Oil based compound according to claim 4, 
caracterized in that 

the rubber component of the block-copolymer is 
styrene-ethylene/buthylene-styrene tri-block or styrene-isoprene-styrene 
tri-biock. 

4. Oil based compound according to claim 1, 

caracterized in that 

the oil based compound comprises a compound which increase the gas 
absorption capacity. 

5 Oil based compound according to claim 2. 

caracterized in t h a v 

the compound whicr 'ncrease *he gas absorption capacity is 
dodecyibenzene. diarylalk' dialkytL-nzenes or aikyibenzenes. 
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6 Oil based compound according to claim 1, 
caracterized in that 

the compound contains : 

3 - 10 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tn-block and the oil component comprises : 

60 - 80 % (weight/total weight) of an mineral oil with 10-30 % aromatic 
hydrocarbons 7 - 15 % (weight/total weight) of a hydrogenated, naphter.ic 
mineral oil having boiling point >250°C and 7 - 15 % (weight/total weight) of 
a hydrogenated, naphtenic mineral oil having boiling point >300°C. 

7 Oil based compound according to claim 1, 
caracterized in that 

the compound contains : 

3-10 % (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tn-block and the oil component comprises : 

10-15 % (weight/totai weight) of an mineral oil with 10-30 % aromatic 
hydrocarbons, 75-85 % (weight/tota! weight) of a hydrogenated, naphtenic 
mineral oil having boiling point >300°C. 



8. Oil based compound according to claim 1, 

caracterized in that 

the compound contains : 

3-10% (weight/total weight) of a styrene-isoprene-styrene tri-block 
60-70% (weight/total weight) of an mineral oil with 10-30 % aromatic and 
20-30% (weight/total weight) of dodecylbenzene 



WO 97/04465 



PCT/NO96/00I72 



15 

9. Oil based compound according to claim 1, 
caracterized in that 

*- - the compound contains : 

5.0-6.0% (weight/total weight) of a styrene-ethylene/buthylene-styrene 
tri-block 45-75% (weight/total weight) of an mineral oil with 10-30 % 
aromatic hydrocarbons and 20-50 % (weight/total weight) of a 
hydrogenated, naphtenic mineral oil. 

10. Use of the oil based compound according to claims 1-9 as an electrical 
insulating and filling compound in high voltages DC power cables. 
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